The iris stroma was hamorrhagic, with thromboses of blood vessels and vacuolation of the pigment layer (Fig 12) . The ciliary body showed development of the inflammatory reaction with cedema, congestion, stromal hmmorrhage, cysts in the ciliary processes and extensive destruction of the epithelium with liberation of pigment.
There was some haemorrhage into the anterior and posterior chambers (Fig 13) . One week after freezing, the inflammatory reaction had decreased with disappearance of the ciliary cysts. The non-pigmented layer of the ciliary epithelium showed signs of regeneration, but this was not evident in the pigment layer ( Fig  14) . In one eye there was evidence of lens damage. The equatorial epithelium was irregular and thickened with mitotic activity. Two weeks after freezing, the episcleral reaction had settled. The non-pigmented layer of the ciliary epithelium had reformed irregularly with several layers in some places (Fig 15) . Thereafter there was resolution of the inflammatory reaction and evidence of atrophy of the treated areas of the ciliary body. The cells of the pigment layer had disintegrated with scattering of pigment. The non-pigmented layer, irregular in appearance, showed in some places abnormally pale nuclei, and these cells were probably nonfunctional.
Cryopexy for Retinal Detachment
Gonin's principle of sealing the retinal breaks (Gonin 1925) as the sheet anchor of retinal detachment repair remained unchanged through the thick and thin of the surgical refinements which followed. The source of heat required to produce an inflammatory reaction in the choroid for this sealing to be effected became established as diathermy since 1930 (Weve 1930) . The use of very low temperatures (CO2 -acetone), like many other attempts at local irritants, was tried (Schoeler 1918 , Deutschmann 1933 , Bietti 1934 ) and abandoned. Modern industrial application of cryogenics and rapid development of techniques led to the present renewal of ophthalmic interest in cryopexy, as opposed to diathermy, for detachment surgery.
The main cause of dissatisfaction with diathermy is its damaging effect on the sclera. To penetrate to the choroid at adequate levels, the heat produces coagulation necrosis of the sclera with subsequent atrophy. With the use of plastic materials for scleral buckling these necrotic areas easily become sites of infection, exo-or endogenous; the necrotic sclera pressed by plastic material and cut off from the rest of the orbit by the formation of a buckle, encourages bacterial multiplication and leads to uveitis, complicating this type of operation.
I have been trying full thickness scleral indentation procedures for several years, off and on, as every next case of uveitisfollowed usually by loss of useful vision in the eyemade me doubtful if this mode of producing scleral indentation could replace scleral resection. Cryopexy has been shown experimentally by Lincoff et al. (1964) , Rubinstein (1965) and again Barry et al. (1966) not to cause scleral necrosis. Accumulated human experience amply confirms this in clinical work. By its usein place of diathermyone is able to eliminate the main complication of full thickness scleral buckling using synthetic material while producing chorioretinal adhesion at the site. It has been shown experimentally on rabbits (Langton et al. 1965 ) that non-necrotic sclera does not become easily infected, even under pressure, and Lincoff's clinical experience of 200 cases on which he operated using full thickness sclera local indentation and cryopexy shows an absence of this complication (Lincoff & McLean 1966) .
Since the spring of 1965 I have used cryopexy instead of diathermy in 17 unselected detachment cases, and reported on the first 6 of them at the Oxford Congress in July 19651. Apart from one transconjunctival case amongst these 17 -and one which had a strap and buckle operation (fourth re-operation for retinoschisis in a child of 12, which was unsuccessful) -they all had local full thickness scleral indentation with a silicone rod, and recently silicone sponge. Cryopexy was used underneath and round the implant and to surrounding areas (for instance in cases with extensive lattice degeneration) at temperatures of -50°C to -70°C for six to ten seconds. The length of application and the temperature were judged according to the state of the sclera; the applications were with 2 mm tip and multiple. In the case of transconjunctival approach, where the application was -80°C for fifteen seconds, of course no indentation was performed.
The operations were performed under general anresthetic. The exposure required was usually only one and sometimes two quadrants of the eyeball circumference. The hole or holes were localized under direct vision with scleral depression, and marked down. The diameter of silicone rubber or sponge was selected according to the size of the hole area which had to be covered and the expected space available for indentation after evacuation of subretinal fluid. From the autoclave the rod was placed in neomycin solution and handled by instruments only. This rod was planned so as to be along the axis of rents or arrowheads which made it often more or less longitudinal. The length of the rod depended on the size of the hole or hole area. Mattress sutures were placed, one, two or three along the selected axis, the distance between scleral bites depending on the same factors as for selecting the rod diameter; a 7 mm Jameson Evans needle was used, with 0000 silk or Ethicon Mersilene 0000 'Rubinstein (1965) swaged on a Sabrelock S4 spatula needle which is ideal for this work. With the suture in situ cryo applications were done, the rod was placed under the suture loops and the first knots tied. At this stage the subretinal fluid was evacuated by Graefe knife and in a dependent position -not in the cryopexied area. The sutures were then tightened gradually and the rod partially or wholly buried. Trimming the rod ends flat and resuturing the conjunctiva completed the operation. In only 2 cases has a muscle been severed, in only one was air injection needed to bring the eye to normal pressure. By adjusting tightening of the sutures, the eye was usually brought to just above normal pressure. The operation takes thirty to forty minutes. The patients were put on a five-day tetracycline course post-operatively, the second eye was uncovered after forty-eight hours with lochbrillen regime, the patients got out of bed on the fifth or sixth day and were discharged on the tenth to twelfth day.
The one case operated on transconjunctivally was a man of 33 with a seven-day history of blurred vision. The retina showed an area of lattice degeneration in the upper temporal sector, well past the equator with a largish hole. It was detached and bulging over. On bed rest it flattened remarkably and transconjunctival application only was attempted. This was effective in sealing the hole and producing a mild pigmentary reaction. The patient was nursed in the usual way and left the wards with a flat retina and 6/6 vision. There was slight conjunctival redness for twenty-four hours over the area treated, but no complaint of pain.
As to the visible retinal reaction from cryopexy, in the therapeutic range of temperatures the initial retinal phenomenon is local blanching on application but with a detachment present this can only be seen when indenting the sclera adequately with the cryoprobe. The definite reactions come on towards the fifth post-operative day as fine pigment clumping and areas of depigmentation round them. These areas change up to six weeks and finally show sharply defined pigment patches. No more marked reactionswith white sclera showingwere seen in these cases, and no hemorrhages were seen either. In some cases there is an initial cloudiness of the vitreous over the treated areas, never worse than a haze and not obstructing the fundus view. It lasts up to three weeks. No vitreous retraction or bands were seen. The retinal bulge slowly flattens and vanishes within two to four months. It is much steeper with silicone rubber than with sponge implants.
Of the 17 cases reported here, 14 are flat to date. Immediately unsuccessful were 2 cases of reoperation on juvenile retinoschisis. Of the 15 detachment cases, only one was unsuccessful: four months after a perfect surgical result the retina became re-detached.
Retinal cryopexy does not necrotize the sclera, and it does not produce heemorrhage. While these properties would make it superior to diathermy with any surgical technique used, they would make it particularly valuable in full thickness scleral buckling techniques. The advantages of having the choice of operations less mutilating to the sclera and not, causing a permanent disfigurement of the eyeball seem to me very great, and I have little doubt that local full thickness scleral indentations, made safer by the use of cryopexy, are effective procedures in most detachment cases. The object of this investigation was the study of the development of retinal lesions caused by cryopexy in pigmented rabbits.
The method used was a single application, at -60°C, for ten seconds, of a 2 mm probe to the bared equatorial sclera, in the lower temporal quadrant of 16 rabbit eyes.
Fundus photography was carried out daily to allow correlation between appearances in vivo and those found in the laboratory.
Survival times were spread over a period of six weeks. The enucleated eyes, fixed in 10% formol saline, were examined macroscopically, opened and processed in low viscosity nitrocellulose. The sections were taken, as far as possible, through the centre of the lesion, and through the optic nerve and pupil: they were stained by ordinary hematoxylin and eosin.
(1) Early stage: immediate to forty-eight-hour period: On examination of the fundus within seconds of the application of the probe, there was a fluffy greyish-white patch of cedema. In twentyfour hours this had become sharper. The lesion was clearly seen on macroscopic examination as a greyish stippled area, while the sections showed the lesion, sharply defined in the retina, consisting of cedema and slight disarrangement of the nuclear layers with early pyknotic changes (Fig  1) . Retina and choroid were in contact, and other ocular tissues showed no significant alteration. After 48 hours the fundus lesion showed persisting cedema, now greater in a peripheral ring.
(2) Intermediate stage: four to eight days' survival: The lesion in the fundus was well defined, only a faint haze of cedema remaining in the centre, and some pigment being seen at the periphery. On macroscopy the lesion was about 2 mm in size, and in the sections there was destruction of the nuclear layers in the centre of the lesion, with persistence of the rods (Fig 2A, B) . Large vascular spaces were present in the choroid, surrounded by small haemorrhages and showing appearances suggestive of endothelial proliferation within the lumen. At the periphery of the lesion there was marked disorganization and disruption of the pigment epithelium. This zone probably coincided with the peripheral cedema and pigmentation seen in vivo.
In the later examples of this stage, some individual variation in response was observed, but a general pattern emerged. In the fundus, pigment appeared in the centre of the lesion, while under the microscope, complete adhesive changes were seen: the retina was reduced to a thin residual membrane in the centre of the lesion (Fig 3) . Proliferation of the pigment epithelium was present, and at times the cells, greatly swollen, had migrated into the retinal remains: choroidal vessels varied in size and number, but some appeared to be obliterated by a fairly intense proliferation of non-pigmented stromal cells, while the swollen pigmented cells of the choroid were migrating, either towards Bruch's membrane, or into the inner scleral lamelle, upsetting the normal well-defined double line of pigment.
(3) Late stage: from two to six weeks: There was very little day-to-day change in the appearance of
